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Final Report On

DEVELOPMENT OF A FAST RESPONSE TEMPERATURE GAGL
FOR ROCKLET VEHICLE PLUMBING 3YSTEMS

24 June 1964 - 24 June 1965

SUMMARY, A fast response temperature gage ‘was developed for use in rocket vehicle
plumbing systems involving gas temperatures to 1500° C and gas pressures to 800 PSIG.
A high temperature, high pregssure gas flow facility was also developed and fabricated

for proof testing three breadboard units. All of the specified tests were passed success-
fully, and nine prototype units were delivered to NASA Marshall Space Flight Center
according to the terms of Contract NAS8-11699.

INTRODUCTION, Improvement in the efficiency and reliability of rocket propulsion
systems often requires an gccurate measurement of total temperature at one or more
points in the vehicle plumbing system. An example of such a roquirement is the gas
generator system of the Satprn vehicle I'-1 and J-2 engines. "se of convential jet-engine

tailpipe type temperature gawes in this application is out of the question for a number of
reasons, namely:

1. The tips of the gage would melt

2. The gage stem would crack under the aerodynamic load

3. The gage would leak hydrogen gas

4, The accuracy and time response would be unacceptable even if the gage survived

An appreciation of the problems can be realized by noting the range of flow paramecters an!
gas propertics for which the temperature gage is designed.

This report will first cover the requirements and then the results of a :naterials survey
and cngineering analysis, followed by the development of the gage design and test facilitics,
and finally the results of the proof tests,

REJUIREMENTS, The design guidelines for development of the temperature cage are
lsted helow,

2.1, Gas Temperature. 0 to 800° C continuous, and 1500° C for 10 seconds.

2.2. Gas Density. .02 to 4.0 pounds/feets,

2.3. Gas Velocily. 0 to 7000 feet/ second. -

2.4. Gas Pressurc, 0 to 800 P3IG. )

2.5. AMounting., T/16 - 20 threaded insertion. '

2.6. Mlounting Boss Depth. 0.5 inch.

2.%7. Maximum Immerscd Length, 2 inches.

2.8. DMounting Structurce Temperature, -20 to 400°C.

2.9. Mounting Structure Tomperature Rate of Increase. 200° C per minute, maximum

2,10, Time Responsc. 100 milliseconds time constant for the indication of 63 percent.
of a temperaturc step change for room temperature to 200° C at 16 pounds per second
xas weight flow in an § inch diameter pipe.

Q]

.11, Maximuwn allowable crror due to mounting conditions and probe configuration,
+1.0 percent of inddicated outp it
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2.12.

2.13.

2.14.

2.15,
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Vibration Requirements. 20 - 2000 cps at 1. 0G2/ cps random excitation
superimposed on 1500 - 2000 cps sinusoidal sweeps at 35 G's peak.

Output Characteristics. EMF versus temperature desired in preference

to electrical resistance versus temperature (open to negotiation).
Repeatability. #1.0 percent for a minimum of 100 cycles between the
environmental limits.

Leakage Test. The gage shall be pressure tested at 800 PSIG and 800° C for
thirty minutes with helium, during which the leakage through the gage shall he
lcss than one cubic centimncter per inute.

ENGINEERING ANALYSIS AND MATERIALS SUPPLY.

3.1.

3

o

[
e Jde

istablishment ol Atmosphere. Before a choice of materials can be made for
a device of this type, the nature of the gas atinosphere nust be clearly
established. The refractory metals such as molybdenum are sensitive to

oxidizing conditions and the platinum alloys are sensitive to reducing conditions.

It i3 also most important to know which metalic oxides are likely to be
reduced, as will become clear in a later section, Iigure 1, reproduced in
part from Reference 1, shows the metal to metal oxide cquilibrium lines for
various oxides as a function of temperature and moisture content. Gas
atimosphere "A" is reducing to copper, nickel, iron, and zinc oxides hut
oxidizing to silica, alumina, and beryllia. Gas atimmosphere "5L," on the
other hand, is reducing only to copper oxide. The American Welding Society
Type~2 Standard Atmosphere for natural gas and air furnace brazing has a
much lower water vapor content than most rocket exhausts. It is therefore
apparent that few oxides will be reduced in the F-1 and J-2 engine applications
despite the high percentage of free hydrogen. Since platinum is affected very
little from the chemical standpoint as long as silica and iron oxide are in an
oxidizing atmosphere, the products of combustion of the F-1 and J-2 engines
may be considercd as oxidizing to platinum by virtue of the high steam
content.

Fermeability to Hydrogen. Choice of gage materials should also be made

on the basis of the permeability of various metals and non-metals to hy:drogen
gas at high pressure and temperature. Figure 2 from Neference 2 shows a
sizeable difference betwecn the permeation rate of nicliel and molybdenum.
lceference 3 shows that various metal oxide coatings can reduce the permeation
rate markedly, but the tests were run under laboratory conditions at a
maximum pressurc of two atmospheres, Reference 4 suggests that the
permeation rate of hydrogen through platinum is of very low order.

High Temperature Strength. There are a number of so-called super allovs
which exhibit extraordinary strength at moderately hizh temperatures,
(Figure 3 and Refcrence 5), but very iew are recomiacnded for use above
1000° C. AISI Type 680 alloy is interesting in that its reclatively low

strength at the lower temperatures is compensated by adequate strength and
good anti-corrosion properties to 1200° C. The platinum alloys (Refercnce

4 and 6) exhibit inuch lower room temperature strength, but show to
advantage above 1200°C,

Other Material 1 voperties. If a choice exists, materials in the sensing
zone of the gage should oxhibit high thermal conductivity and low gpecific
heat to improve accuracy and time response in that order. A low thermal
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conductivity material should comprise the mounting stem to reduce the
heat conduction losses to the wall. The specific heat of the sensing element
should not increase radically with temperature if fast response at very
high temperatures is a requirement., The specifie heat variation for
several Noble metals is shown in Figure 4 Reference 4.

Choice of Thermoelcment., For the temperature range of this application,
the choice of thermoclement is simply a choice between scnsitivity and
stability. The long-term drift of platinum-rhodium thermccouples at

very high temperatures has been attributed to volatilization of rhodium
and subsequent deposition on the platinum leg with consequent reduction in
thermoclectric power. 3uch cffects are markedly reduced by utilizing
alloy wires in both legs, but at the expense of much reduced sensitivity.
Rosemount Enginecring Company proposed and indecd purchased the
Degussa 70 - PT 30 - RH versus 94 FT 6 RH wives for this contract, but
the combination could not be worked into the vchicle circuitry. Of greater
import as far as stability is concerned are reactions wit: various metal
oxides. Under reducing conditions, silicaneous attack of platinuin can be
quite severe, and iron alloying can result from iron oxide reduction. The
United States Naval Research Laboratory has conducted tests where the
thermoelectric stability of platinum in contact with a numher of oxides is
evaluated, At 1400° C the EMF charge of the wire exposed to ferric oxide was
100 to 200 times greater than the charges for other oxides, (Reference 7).,
This emphasizes the importance of the iron oxide equilibrium lines in
Figure 1. Use of tungsten-tungsten rhenium was considered due to

recent improvements in its stability (Reference &), but the stability under
cyclic conditions is not within the +1 percent requirement and tungsten
brittleness remains as a problem in fabrication. At the present state of the
art 90-PT 10RH versus PT shows to oreat advantage for the short duration
cvelic type applications.

Velocity and Tempcerature Distribution. Since the temperature gage is to
be mounted in a pipe, the mechanical stresses in the cage mounting stem
will be greatly affected by the distribution of velocity and temperature

of the gas within the pipe. Figure 5 from Reference 9 shows the
distribution for fully developed laminar and fully developed turbulent flow.
A distribution close to that shown by Curve 1 was used for the stress
analysis of the gage stem.

Aerodynamic Loading. The drag coefficient of a short cylinder in
crossflow Ia independent of Mach number in low velocity gas flows, but
shows large Mach number effects in transonic flow, (Figure 6 and
Reference 10). At 815 PSIA total pressure, the loading of a 1/4 inch
diameter cylinder can exceed 140 pounds per inch in a uniform flow field.
Choice of Mounting Stem Design. In consideration of the above, the general
design approach was soon arrived at and many former candidate materials
went the way of many candidates. Table I summarizes the thoughts on
design approach. A single piece mounting stem of AISA Alloy 680 was
chosen, and the design is shown in Figure 7. From dynamics
considerations, it was desired that the center of mass be in the vicinity

of the mounting threads. Figure 8 shows that the mass distribution is
near optimum.
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Computation of Mounting Stem Load 3afety Factors. A worst-case stress
analysis was performed to indicate the factor of safety hased on 0. 2 percent

offset yield strength for four mounting stem stations with gas flowing at
sonic velocity and for total pressure and total temperature of 800 PSIG and
800° C respectively. The first station evaluated was at the lead-end of

the mounting threads where the temperature was assumed to be 400° C.
Succeeding stations were spaced one-half inch apart. The end of the
mounting stem, (Figure 7), was extended to two inches total immersion
length at the 1/4 inch diameter to represent the loading due to the sensing
head. The velocity, drag coefficient (Figure 6) and temperature for each
station were evaluated using Curve 1 of Figure 5. The computed applied
stresses, the AISI 0.2 percent yield stresses, and safety factors are

listed in Table II. Although such a test was not listed as a contract
requirement, a high temperature static load test was actually conducted on
the stem shown in Figure 7. The equivalent of a 305 pound concentrated load
was applied between stations 3 and 4 with station 4 temperature at 790° C and
station 1 temperature above 350° C. Post-test examination showed that

the yield point had not been exceeded. Figure 9 shows the test in progress.

3.10. Computation of Estimated Time Constant. To determine if an 8.5 mil
diameter thermoelement would be small gnough to meet the time response
requirement, time constants were computed for both coaxial and solid wire
elements at the specified flow conditions. The methods of references 11
and 12 were employed for determination of the response of a long wire in
cross flow. A form factor based on data in reference 13 was used to
represent the response of a U-shaped element. The computation, which’
also shows the effect of a one-mil diameter tolerance, is summarized in
Table III. As can be seen in the table, the use of a coaxial element yields
faster response and allows more shield lagging effect. The effect of the
shields was not considered in this particular analysis.

3.12, Computation of Conduction Exrror. To assist in the evaluation of
conduction error test results, an electrical analog of the heat conduction
paths involved in the later designs was established. Table IV shows the
analog and the computation of conduction error for the final breadboard
design for three temperatures at the 225 PSIG pressure condition. Wall
temperature in each case is agssumed to be half the value of total temperature
in degrees centigrade. The following heat transfer relations were used:

3.12.1. Element: Nu=0.43 + 0,683 Re* 66 0.3
3.12.2, 3hield: Nu=3.65+ _.0668 Y
: 1+.04Y-67
The terms and computational procedures are familiar to the student of
heat transfer and will not be elaborated upon here.

DEVELOPMENT OF SENSING HEAD DESIGN. Figure 10 shows the various stages in
the development of the platinum -10 percent rhodium sensing head design starting

with the design of the original proposal. Some of the problems inherent in temperature
gage design are enumerated upon in Reference 14.
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Abhandonment of the Bare Wire Thermoelement. It soon became obvious
that the originally proposed bare wire thermoelement was impractical for
the rocket vehicle plumbing system application. This came about first from
a realization of the possibility of having a reducing atmosphere to iron
oxide under very fuel-rich conditions. As pointed out previously, this
could lead to large shifts in thermocouple output. Next it was realized that
a true hermetic seal to hydrogen at 400° C and 800PSIG pressure was not
an immediate possibility. At this point the decision was reached to in-
corporate a previously developed platinum - 10 percent rhodium sheathed
coaxial thermoelement. This enabled the use bf metal to metal welded

gas tight seals and provided shielding of the thermocouple wires from
contamination by oxide laden gas atmospheres.

Pre-Breadboard Design. The degign of Figure 10-b was fabricated and
tested to determinc if {he coaxial thermoelement and more rugged shield
structure would adversely affect the time response. The test results

were so cncouraging that it was felt that further strengthening of the shicld
structure would be allowable.

First Breadboard Design.. As indicated by Figure 18 the time response of the
design shown in I'igure 10-c¢ proved to be most disappointing. The design
changes called out in the figure would normally not be expected to produce
a factor of three increase in time constant. It was concluded that the
flared inlet had caused boundary layer separation such that the lagging
effects of the shields were associated with the gas flow intercepted by

the thermoelement. ,

Second Breadhoard Design. The flared inlet was eliminated in the next
Jesign, but this yielded only moderate improvement to the gage time
response. 3Something in addition to boundary layer separation was
occuring here. A series of experiments was conducted on serial number
3 gage. First, the inner shield exit port was enlarged to raise the internal
Mach number to 0.4; an eight percent improvement in response resulted.
Next, the boundary layer control tube was removed; a ten percent slower
time response resulted, Finally, deep flats were ground in the mounting
stem to cause a radical change to the conduction heat loss circuit; little
or no change was noted in thig last experiment. It was then postulated
that the trouble may be in the flow distribution. In other words, if the gas
mixing at the exit ports of the three shields favored the outer shields, the
inner core gas flow could be at Mach number 0. 1 instead of 0.4. That
such an action might occur is intuitively evident by examination of

Figure 10-d,

Third Breadboard Design. Separate inner and intermediate shield exits
were provided in this design, (Figure 10-e). Figure 19 shows much
improved response at high weight flows for serial number 4 gage, but
need for further improvement at low weight flows. The REC Model 103H
reference sengor (Figure 24) was also run in this test sequence. Close
agreement between the two units is seen to occur at 100 D’SIA total
pressure. The 103H data also correlated well with previous data taken at
simulated altitude conditions. - Above 100 PSIA, all data appeared to be
system limited.
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4.6, Tinal Design. Tor the final design, a 70 - PT 30 - RH wire was
employed as a supporting brace for a longer coaxial thermoelement.
The intermediate shield exit was eliminated and common shield exits were
provided. This design is considered to be optimum for the present
application and definitely assures control of the inner core gas flow.
The intermediate shield flow is now controlled by the annular opening
next to the inner core exit tube and the outer shield flow by the tubular
flow restriction indicated in Figure 10~f. As will be reported later, these

final design improvements yielded the required fast response at the low
weight flow condition.

HIGH TEMPERATURE, HIGH PRESSURE FLOW FACILITY. Contract NAS8-11699
included the development and fabrication of a nitrogen gas flow facility to perform high

pregsure, high temperature tests on the breadboard gages. This phage of the program
was performed in the following sequence:

5.1. sSystem Layout. Figure 11 shows a gchematic of the flow facility and
indiactes the nature of the controls and instrumentation. The HTHF
facility, as it has comne to be called, was designed for use in testing the
effects of high temperature and varying pressure levels on gage accuracy,
in determining time response at high weight flows, and in ascertaining the
effects of thermal cycling,

5.2, kngineering Analysis. Before a detailed design could be made, mass flow
variation and running time had to be computed for a number of prototvpe
designs., The results of the final design computation arc given in Figure 12
and 13. A high temperature stress analysis was also conducted according
to normal computational procedures. Much effort was also directed at
obtaining the proper distribution of flow in and around thc gage in order to
siinulate as closely as possible the flow conditions in the actual application.
The test section area is shown in Figure 14 and the final asgembly design
is shown in Figure 15.

5.3. Fabrication. Assembly of the electrical furnace and the welding of heavy
pieces were contracted. The remainder of the fabrication phase was
conducted at Rosemount Engineering Company. Figure 16 shows the
installation in the basement of the REC aeronautical research laboratory

and Figure 17 shows the panel on first floor during one of the conduction
error test runs.,

FROOF TESTS.

6.1.  Development Tests., Early development tests were conducted in the REC
3.5 X 17 inch test section wind tunnel which is visible in the backround of
Figure 17. The data of Figure 18, discussed previously, was per-
formed in this facility, as was the data of Figures 20 and 27, and some
of the data points shown in Figure 19 and 28. The recovery error data
shown in Figure 20 establishes the gage accuracy at low temperatures.
The data of reference 13 for the recovery error of a double shielded

straight inlet thermocouple in subsonic and supersonic flow suggests
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that the 117B gage rccovery error will not exceed 0.7 percent over

the entire specified range of flow-conditions. A previously mentioned

high temperature static load test, exploratory gas leakage tests, and
mechanical vibration tests alsc contributed to the development test
program.

Establishment of Detailed Test Procedure. A detailed test procedure for
determining the acceptance of the three breadboard units was submitted to
NASA MSFC and was approved by the contracting officer. The procedure
is appended to this rcport.

Testing of Three Breadhoard Gares. Three 117B breadboard gages were
tested in accordance with REC Procedure 16527 as approved by the NASA
MSFC contracting officer 8 March 1965, All tests were passed successfully,
and it appears that thc gage mcets the requirements of the 3aturn vehicle
plumbing system, as described in Exhibit A of NA3A Contract NAS8-11699.
A summary of test results appears in Table V.,

6.5.1. EVALUATION OF COMBINED RADIATION AND CONDUCTION ERRORS
6.3.1.1. Condition 1: Effect of Temperature at Constant Pressure.
serial number 7 gage was installod in the HTHP flow
facility and connected to a Leeds and Northrup Millivolter
potentiometer in a series opposing circuit with the 103H
reference sensor. A double pole double throw knife switch
enabled a reading of total temperature using the 103H sensor
and the same potentiometer. Readings were taken at six
temperature levels at 70 PSIG total pressure. The data
in terms of percent absolute total temperature is plotted in
Figure 21 along with the flange temperature characteristic.
Depending on transient temperature and/ or flow distribution
conditions yet to be ascertained, any one of three characteristics
could be produced. The effects of flange temperature
{Condition 3) is shown in the figure, but there are ap- -
parently several contributing factors. Nevertheless the
data shows good overall agreement with the results of an
electrical analog heat transfer analysis shown by the
predicted characteristic.
6.3.1.2. Condition 2: Effect of Pressure at Constant Temperature,
serial number 7 gage was next subjected to pressure
variation at approximately 540° C total temperature. The
data as plotted in Figure 22 shows good agreement
with the computed variation. The same flange characteristic
or forcing function used for Condition 1 applied to Condition
2 testing,
6.3.1,3. Condition 3: Effect of Wall Temperature. Figure 23
shows the dependence on what we have termed the forcing
function, or the ratio of gas-to-wall temnperature difference
to the absolute total temperature of the gas. The radiation
and conduction corrections are somewhat higher than pre-
dicted for low flange temperatures (high F), but are in good
agreement otherwise,
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G.2.2, EVALUATION OF TEMPERATURE TIME CONSTANTS.

6.3.2.1. Condition 1: High Weight Flow. Serial number 7 gage was
subjected to quasi-step changes in temperature from a level of
400° C to 500° C, (depending on weight flow) down to a value
corresponding to room temperature. The otitput transient was
recorded on the Model 151-100A Sanborn recorder at four
pressure levels. A reproduction of three of the records
appears in Figure 26 which shows the emergence of a super-
imposed second order HTHP system response of the order of
25 milliseconds. The raw data is therefore corrected for this
superimposed time response condition. A log-log plot of the
corrected data yields a straight line characteristic and
thereby substantiates the need for the correction. The response
should be a logarithmic function of Reynolds number at the
thermoelement and, to a close approximation, the product of
free stream Mach number and static pressure., The HTHF
facility simulates flow at 0.4 Mach number which is the
maximum Mach number at the thermoeclement inside the gage.
Tests in a heated gas facility having a test section width
greater than the gage stem length would give more represent-
ative results. Despite some inherent weight flow distribution
problems and the 25 millisecond system response, the HTHY
facility is both convenient and reliable for obtaining the type of
data required in this contract.
6.3.2.2, Condition 2: Low Weight Flows. serial number 5 gage was
mounted in a wind funnel test section according to Figure 1
of the REC Frocedure 16527, Time response was determined
at 0.1, 0.2, and 0.21 Mach number (0.3 Mach number was
not attainable on date tested). Serial number 7 gage was then
tested at 0. 2 Mach number, both at zero angle and 40 degrees
to the flow (gage turned 40 degrees about its axis). A re-
production of three record charts appears in Figure 27 and the
data of this test and the previous test is correlated in Figure 28,
The MFP product was chosen for correlation purposes in pre-
ference to Reynolds number fot the sake of convenience.
Reynolds number is actually very nearly proportional to the
MP product divided by the square root of absolute temperature.
Figure 28 shows that the gage time response requirement has
been met.
Condition 3: Interchangeability. Serial numbers 5and 6 were
also tested for time response in the HTHP facility at 20 PSIG,
At this condition the time constant of the three gages agreed
within 5 milliseconds of each other. The corrected values are
75, 85, and 85 milliseconds for serial numbers 5, 6, and 7
respectively.

6.3.3. VIBRATION TEST,
Serial number 6 gage submitted for the vibration test at Environ
Laboratories, Incorporated, whose test report ig attached. The gage

6. 3.
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passcd the vibration test and appears to be in good condition.
Comparison of the initial and the final calibration shows that gage
accuracy was not affected by this test.

6.%.4. HIGH PRESSURE, HIGH TEMPERATURE GAS LEAKAGE TEST.
All three gages were tested for helium gas leakage at 300 PSIG
and 800° C in the facility shown in Figure 2 of REC Procedure
16527. Serial number 5 gage showed no leakage for two minutes
and then leaked at a rate greater than 100 cc per minute. The
gage was opened up to locate the trouble. It was found that the
bulkhead back of the mounting had not heen complectely welded, but
was cold-sealed by filling at one small point. Beccause of this incident
an in-process helium leak test has been incorporated on the process
travel card for cach gage. The test calls for applications of 850
PSIG helium for a period of five minutes with zcro leakage. In
attempting to repair serial number 5 gage, onc of the leads broke
within the ceramic cement potted region. 3Some rather drastic
"surgery" was cilled for at this point, namely: chemically
milling away the Hastelloy-X stein and the cerainic. The operation
was successful and the rebuilt gage with the original platinum-rhodium
element and head and with new stem and new cement repeated its
former calibration, performed normally jn the HTHP facility tests,
and subsequently passed the high pressure, high temperature gas
leakage test with zero leakage. 3erial numbers 6 and 7 gages passed
the leakage test without difficulty.

6.3.5. THERMOELECTRIC OUTPUT CALIBRATIONS.
An initial ealibration was performed on all threc gages at the start
of the test program. The gages werc immersed in agitated oil
with the level of the bath above the mounting threads. Gage output
was read on a Leeds and Northrup Type LK-3 potentiometer.
Reference bath temperature was senscd by an REC Model 162T
platinum resistance thermormeter which was read out on a Leeds and
Northrup Model 4735 Wheatstone bridge. Data was obtained at oil
bath temperatures of approximately 100° C and 300°C. Table V
shows the comparison between initial and final calibration results.

FABRICATION OF PROTOTYPE GAGES. Tooling and processes have been developed
at Rosemount Engineering Company to assure that each prototype gage will conform

to the operating characteristics delineated in the previous section. While some of the
procedures are proprietary, all essential design data has been relecased to NASA MSFC
for use by the government. Figure 29 shows the main piece parts and subassemblies
and copies of the final assembly drawing and specification drawing are attached.

CONCLUSIONS, A reliable fast response temperature gage has been developed for use
in rocket vehicle plumbing systems. The major design features are:
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1. Use of a coaxial thermoelement

2. Use of a platinum - rhodium multishicld
sensing head

3. Use of a rugged one-piece " super alloy"
mounting stem

-The success of the program was due more to careful attention to the present
state of the art than to immportant advances thereto.
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STRESSES IN GAGE STEM AT MAXIMUM AERODYNAMIC LOADING

TABLE 11

FOR FULLY DEVELOPED TURBULENT FLOW AT 815 PSIA PRESSURE

Station X/R* Applied Stress, PSI 0.2% Yield Stress, PSI i Safety Factor
0 20,900 35,300 1.69
2 1/8 15,150 34,100 2,25
3 1/4 8,700 33,800 3,88
i 3/8 1,770 33,600 19,0
* X = Distance from pipe inner wall into flow

R = Inner radius of pipe
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TABLE TI1

COMPUTATION OF ESTIMATED TIME CONSTANT FOR 8.5 MIL ELEMENT OF SOLID WIRE
AND COAXIAL DESIGNS, AND EFFECT OF DIAMETER TOLERANCLE ON TIME CONSTANT

) Parameter Solid Co~Ax
Mass Velocity, 1bs./ft.2 second h5.7 45.7
Reynolds Number 2660 2660 o
Mach—-Atmosphere Product . 684 . 084 i
.Dengity-8pecific Ilteat Product 0 hd,O
%rTime Constant of Long Wire at 200°C ,652 A°047 )
e - — e e e
Empirical Form Factor 1.733 1.33
Estimated Nominal Time Constant, Second 0069 063
. —_— — e e e e e e ¢
One-Mil Uudersiie Factor . 830 . 830
One-Mil Overaize Fabtor - 1.182 1.182 -
Lower Limit Time Constant, Second 057 o .:b52 "
Upper Linmit Time Constant, Sc;ond T 0081v hl 96;2”“““““
Time Constant Tolerance, Second iOOIéhﬁ-”M”M“;:S;;m“MJ”
Specified Nominal Time Constant, Secongd .100 . 100
Minimum Allowable Effect of Shields, Second: ,019 “ :Bég"
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TABLE TV

BLYECTRICAL ANALGG COMPUTATION OF CONDUCTION Uiiagd ol THREE
TEMPERATURES AT A TOTAL FRESSURE 01 225 PhiG ASSUMING
SUPERCRITICAL INLET TO OUTLET PRLISSURE RATIO

By Rp Ry

( AVATAR VIV S A

Inlet je—-—-—— —- Re __ ___ > Wall

L 4T = T4 o— ’
p)
L TEMPERATUIL, Ty, °C

PARAMETER ' ‘

T ;
100 i 540 8( &

1, Element Reynoldy No, . 20973 1‘)8‘1 1750
Y, Dlement Nusselt Na, :!'j,’,"

[ e —— T O

30 flomvnt (unvm.t ive He: xt Traaner (‘u-‘ tfxcumt <31

"1()

%o ilernunt T}er‘l B/L llt- lqtum.e, "L/w(xtt Rl X
' Jo Dlement and Support Wire Thernal Rospatam.e "C/watt ‘lE‘ '5211()

<WJIII S I N B =N B e IIII' L

(’)o Shields and Sionm ""hejrm) Hnﬂ safmu e, "( /wutt Rq i”’()lt
l 70 Inm b ‘~hlvld w\'noldq No, )1 OUO
e e e e e e e b Y
8, Inner ““1!“'_1 Nusselt No, ’o?),‘)

e ¢ e e e e o - B TTC TRV JEE R,

' 1, Inner Shiz ld Convective lleat Trausfor C()-Lffl(‘l(‘ut ()Gb() i ())81& !--;-05()0
l 14, Inne'r Slncld Thermal B/L chxst.mu-mw"(/‘;z:?tm R, - A? “:2-1"3 ) "14” f "3";
11, Tctél Ther;:ml Resistance in (‘ouvectnl'\:; Jone, RL -~;bv6~---—-»--»~--(“l ! ’Ai
gr.li.’o B¢ + Rg, °C/w..tt T S »-~1(”0 "."”1.’,"3(;” ‘ 1067
§'1js° Rl + RL, °L/watt‘ 4 » R .»..-;;)5(‘).“-,1 ~1;9 54 ', 1:87(,\

" th, AT, °C S 1lso {270 400
5. aTe = (11)(14)/(12), °C 5.8 136.9  {57.8
: ‘ wrmet e nmi o o ron s = o e
' 16. Sonductien Nrror = (4)(1 15)/(13), °¢ Y13 liols lis.s
—— U SO S S
17, % Conduction Error = (16)(100)/(“.\(1'1) 07 ) 5 ()o 35 1 1.33 i.69
l * Listed valuea of thermal resivtaunce are a factor of Pi times as great s tohc

true conputed valuesa. Pi cancels finally, so 1t is omitted in this tubulorion,

i
1 a2




TABLL V

SUMMARY O TusT RESULTS: 1178 BREADBOARD GAGES, REC PROCEDURL 16527

'

GAGE SERIAL NUMBIR |
PARAGRAPH CHARACTERISTIC 5 6 .-,2., o
2.1 [, Percent Lrror, 760°C, 70 PSIG - - -3.8
* NORMALIZED ERROR, (percent) - - -1.8
2,2 Percent Lrror; 540°C, 1350 PSIG - - ~1.7
Percent Urror, 5&409C, 225 PSIG - - ~1.4
Normalize#l BError at 150 PSIG - - ~1.4
Normalized Error at 225 PSIG - - ~-1.2
2.3 Percent Krror at F=0.43, 70 PSIG - - 1.7
Normalized Error at F=0.50, 70 P5I1G - - -2.0
2oh Cycling Test Cycles - - 104 5
2& 3 Total No, of Heating Cycles 30 11 125 |
2,5 % Deviation From Mean,; 370°C P +0,1 ~0.3 ¢ 40,7
% Deviation From Mean, 500¢C { -0, +0.1 g +0,1
3.1 Time Cunstunt; Secconds, 20 PSIG 089 075 ? L85
363 . Time Constant, Seconds, 200 PSIG - - 126
3.2 Time Conatant, Seconds, M=0,2 I L0283 - i 175
|
4 ?: Passed Vibration - P P
5 P: Pagsed Leakage prx P ¥
5 Initial Error, °C, 109°C =06 1 +.17 1 +.3)
fnitial Errer, °C, 3009C e 1l | .07 wlho |
F"inal Error, °C, 100°C | +:30 | =40 i 0
Final Error, 9C, 300°C I T O
*

Maxinun Percent Lrror Based on Forcing Function, F=0,5¢

** Serial Number 5 Gage passed Leakage following bulkhead repair
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the antire 30 minutes of viteallor touting,
L, NOT=L MSN“A ION
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M3 Mcdel T—88 Virhvation Qrrtregl O lie Lhopes } N
M-B Model T-£65 Amplifier
Endevco Model 2006 Acceleromete:r
Endev~0 Modal 261LB Amplifier
s, PROCEZDURE AND RIESULTS
5.1 Ejualization
EQualization was scrompliched by ad i ting aach of cde it
ters to ohtaln a flat respoarse. Tre canden cignal was Laes
5.2 Testing of the Unit
The untt wag vivrated in ea % of fr: tup () awee wtr o0
wave glgnal, be+rweer 700 cps oand Z000 cua, applied afimuiiar
rms rorion sigral betueen the Freqioroy Timice o8 0 a0
10d of {freer (15) minutes - hoaxis,
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5.

5.2

PROCEDURE AND KRESULTS (Continu=i)

Testing of the Unit [Tontinced)

During each ¢f the vitration rur:, the nt
continuities were noted. Upcn ccapletion
amined and 1t apreared tc te satis=fasztory.

SNGTNETRIVD BRPOMT NQ, 17780 %k

Pags =

t wag wmntinwally monitardd and
2f the test, *ne ittt uyus

Tre unit wag ret xned ¢
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WITNESSING PERSONNE!

Mr. Ron Johansen of kosemount Englnesr -g

¢
(o]
3
ry
o
-3
2,
s
N
"t
+
ry
e
o
+
]
-+



nosemouNT ENGINEERING company

4300 WEST 78¢th Sy MINNEAPOLIS 24 MIKNN
PHONE 827 /711

o WX MPiD93

TEST PROCEDURE FUR REC MUDEL 117B \

TEMPERATURE GAGL BRIADBUARD UNITS:
NASA CONTRACT NAS8-11699

REC Test Procedure 16527

\_




TEST PROCEDURE FUR REC MODEL 117B TEMIP'ERATURD GAGL
BRLCADBOARD UNITS: NASA CONTRACT NAS8-11699
REC Test Procedure 16527

REFERENCE 1: NASA Exhibit A Scope of Work: Contract NAS8-1169Y

RIIFERENCE 2: Technical Proposal for the Development of a ligh
Temperature Gage for lligh Velocity Flow in a
Vehicle Plumbing System, per MSFC Exhibit A,
RFQ 1-4-40-01170, REC Proposal 5647A.

REFURINCE 3: August 1964 Progress feport under NASs-11099, RIC
Report 96411H,

REFERENCE 4: September 1964 report under contract NAS8-11699, i€
Report 10641%4A.

1. ‘§992§: It is the purpose of this document to specify tests to be
conducted on three breadboard model 117B gages to be furnished to N.i3A
under subject contract. HHigh temperature performance test procedurecs
utilize the HTHP test apparatus described in reference 3 and ' primarily,
Proposed tests are generally in conformance .ith reference 2, section

5.1. The proposed tests meet the requirements of section E of refc.ence
1 and are for the purpose of establishing gage performance according to

the design guidelines of scction B of reference 1.

2, EVALUATION OF COMBINED RADIATION AND CONDUCTION ERROURS: Une 117B
breadboard gage shall be mounted in the HTHP test apparatus described

in references 3 and 4 and subjected to test conditions 1 through 5
below. Measurements shall be obtained for the test gage output, the
reference sensor output, the test pressure, and a mounting flanqe

temperature.

2.1 Condition l: With pressure stabilized at approximately 70 psiy and

mounting flange maintained at near room temjerature values, the gas
temperature shall be set approxim:tuly at the following levels: 20°C

(68°F), 100°C (212°F), %00°C (752°1), 540°C (1004°F), 660°C (1220°r),

REC Test Procedure 16527 -



8

.

760°C (lhOO“F). Error in the output of the test gage shail be determined

under these conditions.

2.2 Condition 2: With gas temperature set at approximately 540°C

(1004°F) and mounting flange maintained at room temperature, gas pressure
shall be set at values of 150, 225, 375 and 500 psig. ¥rror in the output
of the test gage shall be det.:rmined under these conditions.

’

2.3 Condition 3: With gas temperature set at approximately 540°C (1004°T).

and pressure stabilized at 70 psig, the {lange temperuture shall be
increased to approxim tely 100°C (212°F) and 200°C (392°F). Error in the

output of the test rage shall be evaluated under these conditions.

2.4 Condition k; With gas pressure stabilized at 40 psig and the
temperature at 800°C#30°C (1472°F) the breadboard test .age shall be
subjected to 100 cycles between room temperature and 800°C. At the
conclusion of this test, the gage shall be recalibruted. A peruwanent
record of the cycling test shall be obtained on a recording oscillograph

chart,

2.5 Condition 5: (Interchangeability) A second breadboard unit shall

be tested at 70 psig and at temperatures of 20°, 400°C, and 540°C with

flange at room temporature, Results shall be cowpared with tue first gage
tested. The third breadboard unit shall be t.usted at gas pressure 70 psig
and temper tures of 20°C, 400°C, and 540U°C with flange at room temper:ture.

itesults shall be compared with sages nuwmber 1 and nuwmber 2.

3. EVALUATIUN OF To\pm:ATURE TIME CONSTANTS:

3.1 Condition 1 (liigh Weight Flows): With gas temperature set at

approxiwately 540°C (1004°F) and with the flange at room temperature, tice
constants shall be determined at pressure levels of 20, 5u, 10U, and 2u0
psig for one of the breadboard gages in the HTIP test apparatus. The by-
pass line shall be utilized to subject the gage tuv a quasi-gtep chan e to
room tew, erature and the time constant shall be evaluated frowm the

recorded transient on an oscillograph chart,

REC Test Procedure 16527 -2
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3.2 Condition 2 (Low Veight Flows):

3.2,1 Test Facility: An atwmospheric inlet wind tu.nel facility is

utilized for this test. The wind tunnel test section shall be sufficientiy
large to provide uniform (il%) floy velocity over the outer one inch of

the gage length as well as three quarters of au inch bheyond tlie end of tie
gage. The gage shall be mounted in a test fixture similar to that shewn

in Figure 1. lieated air shall be ducted into the page inlet at a
particular wind tuunnel flow setting aund when the temperuture is suabilized,
the trigger shall be pulled giving a step teijperature clange between the

lieated air tewjperature and the total temperature of tlhie wind tunnel fiow.

3.2.2 Test tfrocedure: The same breadboard gage as tested under Condition

1 hall be installed in the test fixture and immersced in the wind tunnel test
section. Tiwme constants shall 'e obtained at three settings correvsponding

to weight flows below the value of 106 pounds per scc nd in an eight-inch
pipe. The Yach numbers shall be set at approximately 0.1, «.2, and v,3

for a cuondition of one atmosphere total pressure. Time con. tants shall

be evaluated frowm the recorded transient on an oscillogra;h chart,

3.3 Conditiou 3 (Interchangeability): The remaining two breadboard roges

shall be tested eithier according to Condition 1 at 20 psig or accor:iinyg
to Condition 2 at 0.2 Mach number and the tire constants shall be coujared

to that of the first unit,
3.4 In e¢valuation of tiire constants at Conditions 1, 2, and J, corrcvctinau
shall be vade for the facility tiie ¢ nstant, or the deviation between

the actual tewmpe . ature change and a true step-change.

4, VIBO.TION TiST: One of the breadboard gages shall be vibrateu along

the two coordinate axes normal to ihe gage axis. The gage shall be

sub jected to fifteen minutes of cycling between 700 and 2000 cycles per
second sine wave input at 35 G's peak with 20-2000 cycles per seconi rundon
excitation ot 1,0 GQ/cps supcrimposged for e.ch ol the ahbove two aXes,

Tiie zoge output leads shall be wonitvored {or coutinuity and insul .tion
breakdown at .pproxivately 5 VDC appiied veltuge during the entire 39

mi.utes of vibration testing.
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3.  HIGH PRESOURD, HIGH TOMPORALUT D GAS LildwwAGS T .S7:

5.1 Tegt Facility: The test faciility i8 shown diagramatically in Pigure U

The chamber and receiver are ir.ade of inconel as is the pressure line.
An Aeroquip 5139-411-150 Conovscal V-clamp is used to join the chamber

to the receiver insuring a positive gas seal. A gas tight seal bot

O bLwaeon
tie MS=33050-4 gage mountin: and the AND-1005U-4 recess is provided
thirough the use of a narrison 12100-Ni-4 K-scal. The arrangewent insures
that all of the _:as which leaks through the Model 117B temperature _:ajzc

enters the graduated cylinder and displaces the water therein.

5.2 Procedurs: The clianbor shull e lLeated to sVUYC as ndicated

Ly the potentiomcter (Fiiure 1). leliuw gas at 830  to 9DV ,siz shall

o

be applied to the chamber interior and timiig of the collection of _as

in the ;raduated cylinler using a stop wateh sliall be starteod concurrentiy,

After thirty tinutes, the anmount of helium sas collected shall he oo. red
at the water line inside the gradusted eylinder. A collection of 0

cubic centimeters or more of as in thirty winutes constitutes o

failure of the leakage test, All three breadbvard ages shail be

subjected to this test,

0. DNIURMOULICTRIC CUTIUT CAlIBRATIONS: All three gages shall be c...rked

for thermoelectric outjut in an agitated oil bath at approximately i+t nd
S00°C using standards and methods according to NBS Circular No. 35Yu,
Calibratiovns shall be nade before and after the aforementioned series

of perfornance and environmental test:, Varictions of 1% or sreaier

between the first and sccond calibrations shall cousititute a failuy.

of performance.
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